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Outline

 Introduction

e Oveview

* Model-based configuration management

e Combinatorial optimization

e LTMS

 Incorporating dynamics

» Model-based execution and model-based reactive planning
e Conclusions

e ITMS
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g Emergence of Complex Autonomous

Systems

Avallability of cheap networked control processors

Emergence of realtime graphical programming environments
— control snell, labview, simulink,
— rule-based control G*

more sophisticated realtime operating systems
— VXWORKS

Platform independent embedded language kernels
— Java.
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4 |mmobile Robots A
Example 1. Autonomy on a Global Scale

Chiller

Chiller

\_ Intelligent buildings, power grids, factories and highways.
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” Immobile Robots Example 2: A
Cassini Saturn Mission

e ~1hbillion $
e 7 yearsto build
o 7 year cruise

e ~150 - 300
ground operators

8

150 million $
o2 year build

0 ground ops J

Williams/Nayak SP2-6 AAAI-97 Tutorial SP2



CDS Bus

Cassinl AACS e
Block Diagram
EFC-A AFCX-A Fev-4 |ercm AFCX-B
e
SAU-A SRU-B
-
Notes
(Dcnrd weminaHon
<P rmounn G eooum @ buceperim @ wm I i i gy b
Evadcast ATIOU = A2 &)
Dienzi Aecwns,
A roum f:& Pl (2) % DAL (2) I Vendor PCU (8) @ m.::] Tast poet = FTIN)
Dirnct Accean, Tamp Sersor. Temp Sansar,
é Uniciroctional () @ wida (2] ® b (24) —*  85P8 i) b cmucnun
I Tein 5SPS (Y . wceosecu ] omrcum B e = J )
@ - = - —¢
VDE-A VOE-B scEcu-A™ | EGECU-B
— =
™ ™ [
et ik}
VDEX-A YOEX-B roen-A EQED-8
| i i i 1 I 1 t
L 1 L1 L1 L1 L1 | - -
MEVD | |BPLVD MPD HELVD BPLYD] | WPD HELYD
A A A A 8 B [] 1 I
q || L T ¥ TAAE T
™ ) | 1 . L) I T ™ EGA EGA
PAJ I QIJ
T R e Pt A ) it
: %m bS] main Engine A [
1 2 "ﬁﬁk.‘ﬁw\ B s
| BIProg B patium| = i
L.u..'niw;.g, | vl S
3 | Valves | Soom 0 Velves P £ pion
8 lioflesl g Wﬁﬁ?ﬁ
3 T R e = e g
75 MongP Thruster-A & MonpProp  ThrusieeB ";‘.’E;‘-& e E
i| & cBH PairhR + & CBH Pal 4 CBH PairBP + 4 COW PurAS| 4
Fi 1 MgnoProp Latch Valve-A 1 MoncProp Latch Valve-B o, o e |
e = by S,
S s aah

Williams/Nayak

AAAI-97 Tutorial SP2




_PIA2_ @"J

D I ——

PR B
MEQLLA 1 Wt §
METFLIER

a4
1 Regemrmuc A
iy L
BFOIPE Lo | i vl
WOk g
WOLE BEAT
ISP T8 A Y ALYE

AEY WTH A
FLMR

EVRIEM FL R

FLOW BALNNCE Ofart

LN Sl
W T DUBLE | e I

LATCHING Wil v e
RLE T T DER MELEF
DA C TR0 A DR D

LATCH a0 il V8 vl W

HLETFLEER
O AELEF METT)

!
% Ais
ﬂ

“CLUSTER #1 tl) (:I)
(+X,+Y) OO

H TCA4

_;f}
B
EI

L

Williams/Nayak

SP2-8

AAAI-97 Tutorial SP2



a Properties of A
Complex Autonomous Systems

Mobile Robots |mmobile Robots
Structure:
« 3D vision, articulated arms/legs ¢ 1D and binary sensors & actuators
 mobile * highly reconfigurable
o few e thousands
« mostly aike  heterogenous
Function:
» Navigation & path planning e Control of internal systems
« Map and terrain learning — concious and autonomic control

— immune, regulatory & nervous
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The New Millennium
“With autonomy we declare that no sphere is off limits. We
will send our spacecraft to search beyond the horizon,
accepting that we cannot directly control them, and relying
on them to tell thetale.”
- Bob Rasmussen
New Millennium
Autonomy Team
DS1 Launch 1998
/
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NASA's Autonomous Systems

QuickTime™ and a
Photo - JPEG decompressor
QuickTime™ and a are needed to see this picture

Photo - JPEG decompressor
are needed to see this picture
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" Additiona Examples of A
Complex Autonomous Systems

 Berkeley Path Project and BatMobile

o Xerox PARC and CMU Smart Building projects

e Honeywell onboard control of Boeing Jet liner

* Rockwell Automation Assembly-line contrl
 DARPA Survivable Systems Initiative

e European smart car initiative

 NASA New Millennium and Outer Planets programs
 NASA Human Exploration and Development of Mars
 NASA Reusable Launch Vehicle program
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